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(57) [wm 

iXTl^l). tit. pMb'-A-ybi:Lt:. Mg*»' 6X10 
8xl0ncm-3T«Ji^pM?r5^Uv:» ^fc, In^-g- 

t^^^m^ii. ^^orm^it ixiccm-sT'Si-o/i. 

Ga, AK In, B<7)\^rtlt^7iM&±tm^t 

i'l-c^Ga. AK In. BA><i>a{f:h.^ Si^TcS^-TC 
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1 

fc. Ga, A 1 . In, BC0\^i^'/}^7tmW±tmm 

(Om^yiMimcOGa. Al , In. Bt^k'MiifllS 

[ft ] ii'^^r < 1 1 P m^mit^~7iMl:J± V- 
\^yy^tlf^. Ga. Al, In, BC7)V^-ftL*>-7E« 10 

a, A 1, In. Bi)>mimi3m7€mi. -Ttma 

li. MgX'$)^;it^imt-tm^2im(Dpm3 

im^mA] nsmii)-h3<7mtLi}Hzw&<^3W^ 20 
m^mmm\>>t:zbmwLb-ti3mmitmmw 

[ msm 5 ] mntm iii^h3 mixMzim<r> 3 wm. 
immw. hh\>'\mmA\,zwm3^m^ 
wmimm^^tz:ibmwib-th^wmw., 
mi^me ] MiB^ft^sti, '^%m^x'hh^ b 
^mib ^mi^m 5 \>ztm(n^wm.. 

nbmmb^i. mm 5 i<ztmcn^wm.. 
im^ms] mwmw\^-^i<zii\^x. 30 

wimm»iy-^'mmi 3mmimmmmmii. p 
ns<^^fta^#;^. ^-^<htpS^*«o- 
mu. mm2hiuimm3ssm<7)pm3m^im 
^i^X'h*). 

mmmmmm^^tifcmmff^mfRmiz p §mmi)^ 
m^^ti. mmmm.i>znm^m)m^^tix\>^&zb 
^mbthmmiizm^io^ii:^'-^. 40 

[0001] 

^wizmt. mm. ^mi^m^m^. imwrn^Fr^^ 
^x, ^w^m^bLxm&^tii3mmim^ 

coo 02] 

[mkcr>mj] %5ik. 3 (III ) mm.im^t>i^}sxx/ 50 
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[0003] fil!*c7)#f6<7)L E D (4. iS^^JIfetCit^ 

ffi^I nA 1 GainX^^tlh3WM\m^mmzii^^ 
X. iSlSA 1 W<"/yT-M. J>l>V>(4ffiiaGaNA.y 

[00 04] -e-c^m. 5S^rl.iSattcO|6]±i: . pSGa 

C 0 0 0 5 ] ^^3ftS«r««J 1 C7)#^T6 - 2 3 2 4 5 1 
Ui. InxAlyGa(l-x-y)N, (0<x<l,0^y<l)t'^§il^ 3 

m^imm^^^^-tfdkiz. ms^ ixioi^cm-^^ 3 

[0006] C:<7):tra«, InxAlyGa(l-x-y)N, (0<x<l,0 

^y<i)mimmmbLxm^^zbizX'yx . ^<^±.iz 

fi!c«t-|.pSGaNSiOM;^S:iSWtT. ^m.(m[t 
m<^bX\ pSGaNSrf^i?-ri,t<7)-C'S)l., Ga 
N{::Mg5r BxlO^Ocm-^ h'-bry^/tt, SxlQi'ca-a 

^ U 7ilK<^ P MG a N Srf^iS fC V ^1. . 
[ 0 0 0 7 ] t/v!. fi£*^rt?|2(^!BflH¥l 0-101 
4 9 6-^^^t{4. MgtS i$-2 : 1, J)Sl^{i:Mg 
bOi2: 1. fcSi^^JiBefcS ilr2 : K l)SV^{4 
BetO$-2 : 1 <OJt*"CGaNtC10'9cr3~102»cm-3 

[0008] 01 1{4, tS*StrjCa|3c7)#ra¥l 1-4 

0 4 8^^A^i8ti3*§n/i^*p-rT'j>&, mm 
^ims.Ao\t. ^yr^rmwucizG&m^-^L 

fzmz . G a N^ffitC . S i 0 2 X'XVy^ T^^^COVX 
^f^^-y^m^L. StbUvrGaNJi^BlciS i Srh' 
-ty/U^cGaN5:S!«?fig:^§-«*-. $<otCVX^±^ 
7r7;P^:R§-ti-, ffV^GaNa$rJ^figtyii<7)*>^>, 

^yr^rmi. m^^^-^x^mmLxmiL. s 

1 h'-7'GaN®(7);V.i:LTf^tTl^.g.. 
[0009] ^ffmSLM. G a.li±.\,zmm.^Ltimi. 
im^^tm^^tiK Si 02 '?X^±.i:yT^)V^-^L 

[00 10] iiOGaNS«t4 0^±tV-if«}jSi:^r 

{4. nSGaNi;i9^l.|l2e0VN''y7r-®4 1 . nM 
Ino.i Gao.9 NJ: Ofi£^^'7-y:J'R&jhl4 2. nM 
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Alo.2 Gao.8 N/GBiNmm-X^^inm^yy 
h'Jl4 3. nSGaNj:i3fig|,nffl!l3l£;!f^ HJi4 4. I 
no.osGao.ssN/I no.2 Gao.8 N^MM-7-#F^ 
jii0vSttl4 5. pSAlo.3 Gao.7 N i OJi^l. pfflU 
dE-+.y7*a46. pSGaNAxi.iSrSpffllMWf'f K14 
7. pSAAlo.2 Gao.8 N/GaNjS*&^<J: OfiS'S 
Pffl!l^77 H148. paGaN*»<^^«,pffl|3y:?^ 

^®4 9Sr)i<^i^aLt:J^B!c$^^•cv^s. -etr. pM 

3>':J':?M49. piJ^'7 -y Hl4 8<0-^5r 
x-y^y^LT, i|i4/<in <0U•yi/';^h7'f7•^rJ^^■t 
loom zoiimhh^iii. ^yr4 rm.b'm 

tiTfiroTV^S, •j-yi/'Xh^'fritctiNi/AuJ: 

OjSl.pli!l«fe&«$n, nMGaNSfiOTtCJS. 
T i/A 1 J; OfiKI. nll«ffi*W$tltV^I,, 1^— f 
^^ffifflJi nMG a Nafi^<OMfflSr/\# ra-tl. ; i:T 

[00 12] pMAlGaNiO^^UTiSS*^ffi<. fi 
fii**SV^Ci:*><i>. i<7)WC{i, pSA1o.2 Gao.8 
N/G a Nj@tS^ Srfigffl LT PM^' 7 -y Hil<7)dE-v r 

[00 13] 

[ 0 0 1 4 J mtU. fcOJl-^tCti, *yi'p 

^^5^7 -y Ks^ps^y^'^' vmmMifin^^tzi^^z^ 

'^'m'f-<r>^ii. psa 1 Gsi'^m<r>h\mmjfi± 
%<^j:uz%\\ ■^m.i^thtzu^. mmmiX'<n 

[0 0 1 5] tM*gtrHCi:l.ffiffi6l(0pSGaN^f^ 
tl>:^ft{COV^r«i. #^^6 - 2 3 2 4 5 
^S^^^lTV^I.. InxAlyGa(l-x-y)N,(0< 

x<i.o ^y<\)X'mixh 3W^'mmm^m:^-^ti^. 

MgSr IXlO'^cm-a^ IXlO^OcrSOKHTK-ty;/ 

Lxpm.G3.mwmh-Hmxh^. iLtcofe^HicT) 
s^*^'M«§iipa!m4^*-r*^\ mimmm-h 

[ 0 0 1 6 ] . i^m^ 1 0-10149 6-t^$gt 
^^^^^ITV^I,. Msi:S i ?r2 : 1. J)^V^{iMgfc 
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Oi&2 : 1. fcSV^{iBei:Si$:2 : 1. J>SV>I4B 

ei:0$:2 : lOit^fGaNlClOiScrS-lO^icrnc 
m^Y-\^yyLX. ia^-r'JTiiScOpaGaNSrf^ 

[0017] mi^l 1 -4 04 8-^^^tCga^$tlfc 
^i¥U—fXU. pSA1o.2 Gao.8 N/GaNfg 

10 mi:mmLxpm'^y-/m(7)^^*jTm^t:mm 
izmm^^x\^itii. mm-mmi:imthtztbm^ 

[0018] tfz. pMGaNcO^A-UTiiSA^'SlOis 
cm-3i:-HJ-?S<:SrV scot's pSAIo.2 Gao.8 N/G 

[ 0 0 1 9 ] t^^C. nM3;^'fktl^mcfcV^-Ct. 
MA 1 G a N t^r- 5 >y i?«Si$r J^^-TI. i t mmX' 

hh<r)x\ m^myr>{Tm(7)mii,zm^^ixtz^ 

f^l^-- f ^g^tSTOi nMG am^y^^hmbL 
Xm^B^^L. -?-^7)±tCAl GaNl^J^^Lrv^l,. 
[0020] *I6HB{4. fiiRtt. ^tt. M 

m^m(r)^m^^m»>tz sm-wmmoir/mw 
mmim.mhzt^mtth, tea. mm(nm 

30 {±TIBi:=5rl.. 

[0021 ] It^a 1 ifi«O^HB{4. fi!*OnM3]KM 

[0022] mim2 ttz\,t3%m<^mm. 

[0023] 19^4 imcomii. m:<^3m^im 
^mi^mx 0 i>m^mwtmtifzm^B3imm 

40 [0024] ISS« 5 ie«Jcr)^B3{j, t^io 3 S^^-fCtl 

fz. mmm^^K 3mmm^mimm^m-thz 
[0025] m^metimcomit. m^(^3mmm 

[0026] if*3i7fs«!i<^HB{4s m<^3ms.m 

50 I.Cfc^SWt-tS. 
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10 0 2 7} mmassmmmt. m<^3mm 

[00281 

mmim'thtcibmm] ^^■i}>imi:m^i-iti 

H-tr>'^^$<l/;. Ga. A K In. B<OV^-fil*>- 

(CfeV^T, nS3]^-ft;W^f*:{i:, mnmsWMm 

^iiii<r>mmmm<r>Gai. a k in. B*»(5>stf 
[0029] m^m2tiM(7)pm3mm^mmmi. 

Ga. A 1. In. B(/)\^-ftli)^yiM&±}:^(^ 

wm.im^m±. ^m^^jmvMcoGa. ai. i 
n. Bi)^t>maix^3m7m^. -7c«m±. 

[0030] lf*JS3feKO^SHcOpS3)^^k?S!)^ 

mi. msm2iim<7)pm3mmm^mmzi5\^x . 

[00 3 1] mm4tm<r>mco3mmmmm 
^^^nmrnii. imm i *^^> 3c^M^i*Hciaii<^3m^i: 

[0032] it:*;«5iB«<^f6BB<Oi|^f*^a{i. HI* 

. js 1 *^ ^> 3 coMiii)Hztm(^ 3 mm.-im^i>i^. * i. v ^ 

[0033] mm6miff)mii. is^s iciesco 
[00 34] mmitmtomii. m^msiznm 

[0035] ws!.mim<r)wm. m-mi ^ztm(r> 

mhwmt. pm.mi^'i-immA^<r)3m. 

3m.mmmm^i. ps. nm(r)^Mwm^:'^7i.^ 
^^=3: < i: i p m.^mw<r)-m^i . mm. 2hh\ ^Mmt. 
mwmpm3im.'mm%xh'^ . mm^m 
mfitzWMm>wm^zv m%%if^^'s^ix. mm 

[00 36] 

mm.zwm-h . n i a^^^ii i o s:#B3-t-i. t 

3]KM^bti^^ti«ktX^*gSo-||]!fSJg.^*JS^$ 
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[0037] (l|l<7)||H3<7)}t^.gif^) if^JSl<7)3 
Ga. A 1 . In. Bc0V^-m*^3EfgULhi: 

'mffytkwpt^tsih rim3im.\\mmsk.\!z^\\x. 
nm.3m.\\mmM. ^mmmmo^Q^. a 
1 . I n. Bij^mimi3m7tm^-'7miv±. T-n 
ix»nz^z t ^mtth nm3mim^ 

10 [0038] -mmz. nm3mmm^mmi- 
s^ui. nmTMmm».)^-\^y:/th^tx\ 
^<o^^vrm^mmiximLx\>^i>. mkzcoif 
mx\ GaNcoit^tw(±. ^^vrm^iiWHm-^m^ 

tt'(7)t><^*«fWC#t:i^i., AlGa 

-fk-ri.., tfz. GaNco^izh^^vrm^mo^^cm 

20 [00391 :^mAii. nm3mmm^^mi¥m& 

^^■timz. nmTM^tm^iz3mm-imm^ 
mm\-(7)3m7imt:T^mib ixwLS.iz\^-\^yi^uz 

[0040] yfmit ix(^3m7xMii. 3m.im^ 
mmm^t^TmvMcDGa. a i . in. Bi}-(^m 

iitL^3mjiMX'h^. mz.i£. 3^^m^t^i3^G 
aN<0*&{i. B. A 1 . I n<7)(pi}>t:,. H^^^K 1 1 1 

7tmi^t¥m\mi, A\GaN<7)^it^ 3m7mT- 

30 matlXli.B^ I n<^(|>*><i>. ii'^^<i:t-36SJil 

[ 0 04 1 1 ^-t. 3mmm^mmnM^m'S:m 

m. mmzmmii^j:^\ mm. si. Ge. 
mmmx'hitiK nm^thh<ox'm<. t^^ 
^^ffimt. 3mmm^fii<r)mmizmtxm 

[0042] i/c. *^HjT{i. 3m.'(m^mt. 
msi. ^mmmz?mtih<7)xii^j: 

40 <. 3S^<l:1^jiNlf<c<0filfflS«J:i5tTai:»IR-fl. 

[ 0 0 4 3 ] ^(Dimimizmix h . 

-f4t>c^'C(4=5:<. MOCVD. MBE. VPE. #|| 

[0 044] (m2(r)mm^ • mm mm2<^p 

ULhK-tfy7'$tL7t. Ga. A 1 . In. BW^-fit 

50 ^(*ctcfcv^-c. pm3mM^m^mwii. 't<Dmmm 
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Jit^hOGa. A K In. Bt^^MiStllsmMi:- 

[0045] -mmz. pm3m^mmwi:i^m-t 

[ 0 0 4 6 ] L*> L^r*i . p mPfmKO'mimii 1 

-^t{Si\^{,(7)Lf}^imx'^xvm\ 10 

[0047] $<i>t. Al K^-vyT^ 
[0 0 4 8] tfz. pffi^*ifi!f5!IcOH-ty2/**n020cin 
[004 9] t^-ot, iS=^^yTilJg<7)pM3]^ 

mm^mmi^mtiztummx'h'yr.:. *^bha 

{4. pS3fi6M^I:tl^*Sr^S«ft1-§l^{C. pS^ 

mib mmz 3 siM^iiiB5<7)^i^7c^jjiirK7) 3 mm^T^ 20 

[0050] 3Sl7C«{4. 3mim¥- 

mwt:mm-i7tmm\-(7)Ga. a 1. in. B*><bs 

aNOJ^ti. B. AK I ncOtfj&^'ij. ii'-^<tt 1 

7m&±mimh, AiGaNo%&(i. sj^ig^F 

iffiftfcfCli:. B. I n<^t}>*»/5>. iJ'->:3:<ttl7cmJa 
±*^M{mi.. 30 
[ 0 0 5 1 ] if^. 3K^«^ftiOmMfE^^0J 

ps#ttsrs^{i'ps^^!^«c nmr^nmrn^z 

e, Mg, Zn. C^tmrn^mX-hlifi. ZiXP>(07t 

mbmmiz. si^o^conmTMm^t/^x^^xh^ 
<. ifefa^ftco^i^fc. 3mmmmw(r>&.mmiz 
f^txmamm-^zb^T^i. 
100 5 2] tti. :^mx'ii. 3mmitmmwii. 40 
m^^B. m^B. ^crmmi:^mm-th{><7)X'\i^j: 
<. 3mmm^mi^(ommmtxmmiRti 

10 0 5 3] ttz. ^(Dimtmmix t . mzm^ 

tlh<r)X'li^£<, MOCVD. MBE. VPE. #|| 

a, yy-yi'xm. mms.nm%x'cr>m.i&^mi}^m 

[00 54] (m<^m<r>m^-mmmsm3(Dp 
m3mmm^mi. msm2im<^pm3mmm 

^«stfcv^-C. pS^*$*?)cOo*>^-'5:<i:t>-7cS{4 50 
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Mgxhhzb i:mbt& pm3tmmmi¥Th 

I. 

[00551 <mm 1 >msm2ioXi/msm3crM 
mco-mmmmmi-h. mm. :mmm<^3imit 

{±. pmstmim^mm'hh, ^yr^rmno 

±{C. (SiaGaN>'N'-y7r-Jil K pSGaNH2 

(omx-nm^irfzijcnThi. 

[00 561 pSGaNai2«. I n {>( y-J^A) 

ti^3m7€mTmmbix. o. iro-tttix^^i, t 

fz. pSh'wWbi: LT. Mg*< 6xi0i9cr3#til 
X\^h, paGaNjI12{i. ^-!■VTm^ii&xW^ 
cm-3T:'ffiffifiic7)pS$:5^Uc» ^fc, In^-iri^rV^ 
-^(4. ^A-UriU^Ji ixlO'^cr^T'Jboyi. 

[00571 <m^m 2 >mm. ii}^h3 <Dm(r)-m 
m^mmi-i. m2ii. :mifim3mimmw 
mmmx^i, :mmmco3mmmmmi. ^ 

a«2 0±{C. ffilgGaNA7 7r-Ji2 K ^^Sn 
MGaNa2 2. #igSpMGaN12 3<7)|li-C'ai$ 
tl/it><0-C*l.. #jSSnaGaNa2 2. ^^pS 

GaNJ12 3(4. In ( ^ Vi/'^A ) *<3g57U^^|$!f5j 

X. S 2X101 8cm-3. pMh'-^N>h t LT. Mg 
*J 6XlO>9cii-3-g-titTV^*. 
[00581 ^c7)aiM4, ^^^-h'^ttSrS^t. 

nfij. pMco^^m^tizbx. ^m'Fbtxm 

mtlZbiiK'^h. ^Jo. I nS:^t=5rir^ia^{4. p 

[00591 <mmm 3 >m^m 2 ^ j;t^3 o^b^co- 
nifecajSriiBs-rs, 03 {4. ^mmff)3mmm^ 
i^mmThi, :is:miKim(^pm3mimmiii 

{4, -9-7 r-^rS« 3 0 ±12. j£^GaNA'>y7r-® 
31. pSGaN132 OHi-Cai t <7)T-J> I. . 
pMGaNl32{4. I n {-( yi^^J:.) ti<3m7iMT- 
mabtX. 0. l%#*ixTV^|., ^A:. pS^'-^^' 
yhblX. Mg*Mxi020cr3. nMh'WN'yhtU 
TS 5X10i9cr311]Bf H-ey^§ilTV^I.. 
[00601 MgtS icOlSI^K-ty^^t I nH-t 
yi^<7)^^^zX'yX. ^-^Vrmmt. ixi0i«cr3i: 
m<. miacOpSJr^Lf^, ^fc, I n$:#t>5rv^ii 

-^{4. 7 =1-0 ^"5. mmLx-h-irz. 

[0 061 ] (ll4iOl|BJ<7)1fB!c-il#) 11^4(03 
]^S-(b!}l!)*«*#^f0««{4, IS^JS 1 *^<5> 3 C7)<BJix«> 
tCl2«JW3]iM'ft!fe¥Sli*:*^'?>^S 3m^itm^W^ 

i^iymx'h&, :^m<r>3^mmwmmmiiR 

J4. lS;fnW<03fi6g'fl:!fis#3l*S:iKaBK«-tSC:tA«t' 

h6\<Mipmx'$>*). mmzx-^xmrn^zbt/^X'^ 
I., 
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{0062] <mmm4 >mm4<om<^mm 
igfisigti. smTm^msb IX inio. i%. p 

m^tmtlXMsi 8X1019 cm -^^tim&GaN 

mieox'hh, 

C 0 0 6 3 ] :mtm<OG a NSflgJi. U Til^* 
«{43]^i^i:L-C^JSGa, Sl^TcS^MiRsi: LT^ 

Sin. pSK-A-y h t LT^iSM g , mmmmt i 
xmrn^^^mt. ^mNaiyy-y^xbLxm^^ 

tzy^-y^xmizx^xm^^^^^-^ti, 

[0 0 64] {m^m5(7)%m(om&-mmm^m5 

a. 3m.-im^mmmtm\i^x . mmih(DX' 
htm. mmi". ^m^. m^T^^-fxm^mm 

[0065] <mmm5>:^mff)mm5<7)imm 

*«4 tm<^ 3 mmmmwmmm±iz . mm 
1 it^siamo 3WMm^^mmm uzmmwt 
im^^xmitimmmmmt^^ ^r- H-ciis . 
c 0 0 6 6 ] 115 {4. m^m^r^ t- vcom 
isim^zmm^j:mx'mmmx'$>i>. ^yt^^^-vn 

(4, nMGaNS:^70±t, nSA 1 GaNffi^A'./ 
7r-il7 1. nSAlo.03Gao.97NSa^^'•y7r- 
S72, naAlo.07Gao.93N^7-xHil73. nM 
GaNgtt«74, pSAlo.i)7Gao.93N^5-y K« 

7 5. pmGaN^^yrm7 6im&:WBLxm&^ 

iXX\^&. 

[0067] nMGaNa«70. nSAlo.osGa 
0.97Nif^a>'^'•y7T-ii7 2. nSA 1 o. OTGao.saN 
^yyYmi3. nSGaNvSttJi7 4 , pSAIo. o? 
Gao.93N:?'7 7 h'fl7 5. pSGaN^fA' •yrJi7 6 
(cli-enmo . 1%W I nj&q^iRjf: L-C#*tiTV> 
I., 

[00 68] mti^^ t-YcopmG a.m^^yrmi 

6±lc(4. Ni/Au*>/i>:5r5pffly^-$'y^mS7 7 

Si7 8*>f^fig§iiTv^i,. ^-"^(mm^imsi 

\<znLxm.hm.\.zm^^tix\^h. 

[0 0 6 9] -euT. mi-y^^-y^ffipm. m^- 

5 'y^mk^zm)j^<r)f^^ r;^^*>tti. t , mt^^ ^ 

- vcD-Mmx'hh^iummi o ofi^h^^mizta 



(6) !^P2 00 2-14 1 552 

1 0 

[ 0 0 7 0 1 UT. mmmm-h. m^y^^t- 

YmmmmkmocvY)X'm^Bm^Lx^mitz, t 

-r. nSGaNffi:^7 0§rRjSEf tC-b-/ht. T^f:- 

nmY-f^yV^XX'hhSini nMffi 
ISA 1 GaNyN'-y7r-®7 iSrJtSt^. <J:v^-e. 
SS:105(rc{C±{f. *^?rdf^yT;if;^tLT. TM 
10 G, TMA, 3]^7C*TMfti:lSf4i:LTTMI Sr. n 
M:T:M!f^;y;^i: LTS i H4 it^mzhh^xm^L. 
nMA 1 0. 03 G ao. 97 NSiSA'.y 7 r-«7 2 S: 1 At 
m, nSAlo.07Gao.93N^97KS73^0. Su 
m. nSGaN*Stt«7 4S:0. 0 5 mJi»:BI« L 

[0071] »:V^T\ nS^iRjlIISJcOfti? Ot=> pS 

^jiEMf-f LT E t c P2 M g ^mmzhh^x^^ 

pSA lo.07Gao.93N^5-yHii75SrO. 5 jjl 
m. pMGaNdfA'<yrJ176S-0. 2Mm)li»:mJiL 

20 ■k,}!K\^x'pmit-i-/'?mmmx'hh^i/Kn^ 
mmmm^zwMLtz. ^com. mmm^'^. eoo 
'cx^mnmb. pMGaN^A"yrstsBBpffli7j--s 

•yi5'«{i7 7S:Jg|i£Uc, <J:v^-C\ GaNaifi^$r?9f 

mt. mi OfjLm(r>m^izbt:. <9:\>^x\ noa^-s-y 

i^mmnmx'hiT i /a i 

[0072] mmnm%x'A5o -cx-mmmi. nm^- 

X. mmmi oom^bi-^yrm^^^t:, z<r> 

[007 3] {mme<7)m<Dm^ mmmme 
(r>mimm. nm5<^^^wmmzii\>^x, ^ 

i^m.ii^ytm^x'h izbmmb -th^mi^imx- 

[0074] <mmm e >:^mmme<D^m^ 

40 mmmx'hi. :^mmmco7thy^yf-mmsm 
4imcr)3mm^mm.^^Bm^iz. m-^mm 
xr/3im<o3imm^mm immmmm 
\>^xjmLtzy it hif^ :i--}iX'hh. 

[007 5] *||MM07* h^'f Jr-H{4. nSGa 
Na:^80±tC. naGaNl8 1. pSGaNlS 

2, pmGaNay:s>^hm8 3imd:mmLt:mmm 

mi. ni!GaNJg8 1*<SaifS*'CX.yf-y^^tT 

NSM80. nSGaNHSl. pSGaNl82. p 
50 aGaN3y:5'^h®8 3(w(4. 3K7cS^M!|^t tX 
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[00 7 6] tf^. :>(^m^co±mziiuym(r>pm 

jJ--$>y^'«fig8 5A*. ttz. nSGaNS^SO^ 

t nSGaNJiS 1±<0S i O2 i^M«^84±lC 
iSlg«fii8 7 

[0077] ^-^-^jStacT)'; yi5^«cOp|i^-5 -y 9 

[ 0 0 7 8 ] WT. ^mmm<^7^ h ^- nof^ 

^ ^ 'J r;<f X tLTTMGtS ]^7E«^l$!|l!liSf4 
T'J)l>TMIi:nST*iEft;yxSiH4 ^:t^tX. nM 
GaNJI8 l€r3jumS:m«U3t. JJJV^T, S i H4 <0 
fi^l^^lta^). EtCp2 Mg$:tt*&U, pSGaNlS 

[0 0 79] 'mz^ mmsoumw^^-y^i^'J 

X. h'7-fx-y^yi/^ffv\ m^mumco^^m^ 
^mm-htth\,Z. nSGaNSSlSrSm^-fryc. 
[0 0 80] Vi^XV7X^^^tt:tk. ^xj\-i 
7°7XvCVD||gt-b-y h t, SffitCS i O2 
84im0. 5MmimU.l,iX^^X\ PIB!|Jl--5 7i5' 

[0081] Pffljjr- 5 >y i?m®^jSc^lS{4i5i:<O)10 

^^^^-ym^Uz^k. Si 02 iffiii!i84&ijy/^ 

i:x>yf-y/t:-»#. paGaN3V:5'^'hJi8 3^S 
aj^iirl.. <>:v^-C'PiI^-S •y:5'f|SW4T'J)I.N i/ 

i^i^';^ h UT \yi^x h±izmm^titzmim o 

pSGaN3y:J'^hJitc;pli5)--S-y^'^8 5 

[0 0 82]»:v^T\ ««C^lii&SfeLT, W^mi 
OOtxm{,zLfzik. amSffitw, niI;t-i-y:?€fi6W 
f4r$)I.Ti/A 1 ^^«t7t. ^iOf^, ^*#ffl^T 

•ynz-i^muz. 

[0083] (m^m7cr,^mm^-mmmm 
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1 2 

mtni^m«^]y-i'x:hi::tt:mt'ri>mm 

mxhh, ^wu—fcommimzm^-tihcoxit 

[0084] <mmm i y^mimm i <r^w.v 

10 wm^i^^^xm.hfz^my-^xhh . 
[0085] mi\t. ^i?^mr>^w\y-^m'm 

\,zm.tmx(mmmx-hh. ^m-v-^fmrnm. 

9000J4. nSGaNS^9 0±lC:, nSAlGaN 
<Kia>'-v y7r-ii9 1 . nMA 1 0. osGao. 97 N©iS>'N' 
7 7 T-il 9 2 , nMA 1 0. 07G ao. ssN^ 5 v h'l9 
3. nSGaN;<f-< h'J19 4. I no. isGacssN/ I 
no.o2Gao.98N^SM^#FvSttil9 5. pMA 1 
0.2 Gao.8 N«96. pMGaN;^^ H«9 7. pS 
20 A lo.07Gao.93N^'7-y KS98. pSGaNdf-v-y 

r« 9 9 Srii»:s« t -cm^n-c v^i, , 

[0086] -f-LT. nSGaNa«90. nSA 1 
o.o3Gao.97NiSa>'N'7 7T-19 2. nMA lo.ovG 
ao.93N^'7>y Ha9 3. nSGa;y>f HJi9 4, pS 
AI0.2 Gao.8 NB96. pSG aN;<f-^ FJ19 7 , 
pMA lo.07Gao.93N:?7-y H®98. pMGaN^ 
■vy7-l9 9tc{4. 3]K7C^?:«t53i;tt I n*50. 1 
%^t.tlX\^h. 

[0087] tfz. pSGaN4r^-y7-S9 9^ffi*^^> 
30 pSA lo.o7Gao.93N^7>y F1980^4'*t'X>y 
^y^Sn, %mm'} y i^'«jt9 0 ^im^^ilX\^ 
HgES^^U'yi-'fflJiQOOfi^igcOpMGaN^^ 
-y7-S9 9±t;. N i/Au*>/i>^rl.pii|:t-5>y^'1| 

[0 088] pwrn^^ajiwii, mum^ 
1 oofcUT, s i02 *<«m§nTi^i.« -etT. s 
iiffiit9 000 tmsE^^u -y o 0 tmtmM. 

\,zm^m9 0 1.90 2*»m§ilTt^l.. Ga 
N»eR9 OSH(C«T i/A 1 -h-htSih nil^r-S -y 
40 ttlil 0 2*>'J^^$nTl^§, 

[ 0 0 8 9 ] OT. **tS0iJO^^ftl^-!f'<Ofm*ft 
^UiBBtl.. r(7)S®^jt<7)JSa^^{iMO 
CVDttfoTt. *-f. nfflGaNSfl?9 0$-RJE'gt 

2:NH3 i:g^i:*^^S-&;<fx#HmtcL. TMAt 
TMGtJj:t/nilH->"«:/h;yXTA&S i H4 -^X^ 
Mt, nMffiaAlGaNM'.y7r-J191?:it«L 

50 [0090] <J:V^T\ iag?:1050-C(C±tf . tK^S:^^ 
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fctTTMI^r. nS^*iE!K);<fXi:trSiH4 SrfflfiK 
(Ci>;b-^-C«*& L . nS A 1 0. 03 G ao . 97 N]ftia>''? -y 7 
T— I92$rl//m, n^A 1 o.oyGao.ssN^'^'y 
93^:0. nSGaN;iy>f H19 4S-0. lu 

NHs tmm(r)m.-^^^^mf^izL. as^sio •ct^r 

I no. i5Gao. 86N/ I no. ozGacasN^Sft-? 10 
#F}Sttii9 5 (2'<r) «:^:Rt7t, 
[00 9 2] iJCV^-C. #fflSiS- NHs fcg3gfc*3g?:M 

TXfX^tTTMG. TMA. 3m7mT-m}W.m<^T 
MK pS^*$!i«!iMi|stcOEtCp2 MgS:ffl^tcJ>i5-li: 
Tffi*&U. paAlo.2 Gao.8 N«96S:20nm, 
pSGaN;y-f K19 7$-0. l;um. pMAIo.otG 
ao.93N:?7yK198$-0. pSGaN^rA' 
«yri99SrO. 2/xm)i<XmiIL7t. 
[0093] a^V^T, U'>''XhTi|i4//mmh7^7* 20 

[oo94]pfflfljr-s-y^? «®^^ioisii»:<7)a o 

Vy^r^-^^-yim^Lfz^. Si 02 SrXyf-y/ 
tt:';-yi^'±(7)pMGaN^^-/7'il9 9$:lltii$-t*- 30 

5<y^m®W«TS>SNi/Au5:^«L7t, -e"^^. 
§S#H^'f, 600 rT«at, pSGaN=Je-v yr 
ii9 9l::p|i>j--S y^'«ffil0 1S:}^^U^, 

-y :J'1I«Sffi^t'*ST i/A 1 mmVti, 

^(r>m. MSSH^T'450 -CT^at , nffflj)-- 5 -y 
:7m® 1 0 2SrmUc. »:v^-C% ^#:^-if1ijt*>' 
m&^tl-k-^JU^-i: 0 -y v9 0 OKitfcSeiC^rl) i 
dlC'M'^t, 3t*iillSSB90 1, 9 0 2S-JgB!tt 40 

[0095] Z<r)^fiiU-i'<7)M&lzmij\^izn.^t: 

[0096] ( ms:m8mmmm ■ af^ ) m^ma 
sr wtsif *3i4 Mm<n 3 mmm^mm^^mx 
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1 4 

fS^2fcSV^«> i8«JS3^<0pS3]^ 

fflt p mmmm^^ ti. mmmm^^z n mnx^i^ 
[00971 ^ftw— !f coigiStti^tRS^-ri. t<o-e 

tc]iX0tli5iil.t,cOt'J>ii(fj:<. «MS. iBMi:*)^. 
(OHmxh-^XiiJ^W 

[00983 <miim8>:^mm^8ffmniiv 

(4. mm4sm(7)3tm^m^mmmmmLiz. 
mm 1 15 xvmm3^m(7) 3 «isfl:!i«j*»f*«r«s 

9ii:^mmm<7)^^f:^u-i'mmx'hh . 

[ 0 0 9 9 ] 1 1 Ott. 3|S^0lj£7)iti^«S^— »?'c7)3ttB 

l**|6lt:SE=5:BBTco»rfflll-CS>l.. ^frl^— fcoS 
ilflBStS. pSGaNS^l 1 0±{C. SfflpMGaN 
^N'.y7r-Sl 1 1. pSIno.i Gao.9 N^'^^y;?' 
RSihJil 1 2. pSA lo.03Gao.97NSl 1 3, pS 
Alo.07Gao.93N^'5«yKH 14. pMGaN;>y>f 
HS115. pMA1o.2 Gao.8 NJ1116. In 
0. i5Gao.86N/I no. 02Gao.98N^M^#FvS'ft 
Jil 17. nSGaN;)!f-f Hll 18. nMAlo.07G 
ao.gsN^'^-yKll 19. nSG a N^-v <yr« 1 2 

0 ^mmm ixm^^tix\^h , 

[0 100] -etT. pSGaNSlKl 10. SSpM 
GaNA'.y7r-ll 1 1. pMAlo.03Gao.97N® 
113. pSAlo.07Gao,93N:77-yK1114. p 
SGaN;</"-^ Kill 1 5. pSAIo.2 Gao.s Nil 
16. nSGaN;;^^ h'«l 18. nSAlo.07Ga 
o.93N^7 y Kill 1 9, nSGaN=Jc-V-yrJil 2 0 
Ui. 3m7iM^^bLXlni/:o. IXiitiiX^^ 

[0101] ^/C:. nSGaN^-v-yTJll 2 0affl*^ 
^>nMAlo.o7Gao.93N^7-y h'll l9<nm*tX' 
X y^y-Z^ix^ mMk^ U «y ^'«Jt 10 0 0 

tlTV^I). y-yi^'l OOOgaffiiOnMGaNdf^-yr 
Ji 1 2 0±IC. T i /A 1 *»4>^S nffljjr- 5 -y ^'^S 
12 2*q|g^§i^TV^5. nffl!imfiSgBS«i5Kl^Mi 

tes«iiii2ii:tT. si02 mmtix^^h, 

iLX. «e«)il 100t«gg$)|«U-yvmiOO 
0 i:«liaSl:tC3iyyiSI«iB 10 0 1. 10 0 2m^ 
^tlX\,^h, 

[0102] pMGaNS^Kl 1 O^tCltiN i/Au 
A^^>^§ pil:t-5 7 1 2 3*«m§ilTV^I,, 

[0 103] t-f. pSGaNS;^! 1 O^RJCWlC-fe 
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-~yy\,tz, iJj^^T. iaSi&io5(rcCTf s -/m^^ 

A'yT;<fXfcLTTMG. TMA. SjKTH^^^tltll 
^tLTTMI^r. pS?:*ifi!|ll;ifXt LTEtCpa M 
g^ffil«{C*>i5€Ttt*&U. ^iapMGaN^N'«y7r- 
llllJrljLtm. pSino.i Gao.s N^^-y^Kfi 
il:Jill2€'0. pSAlo.03Gao.97NH 
13Srl/impSAlo.o7Gao.93N^5 7Hll 14 
SrO. 5xtm, pMGaN;!f-f Hill 5S:0. In. 
m, pfflAlo.aGao.s N» 1 1 6 2 0 n m)i»:a 

[0104] ijiCV^t'. #18^$: 

NH3 tw(i(m.'^iix'mi^^zL.wsL^mx,\,z-T 

{f. *^S:^^';7;y;^tLTTMG. TMI^tti^ 
L, I no. isGao. 85N/ 1 no. ozGao. ssN^fiS^ 
#FvSfiJll 1 7 (2^7) S-fig:^Uc. »:v^t\ #H 

1050'CtC±tf. *^5:^^';T;y;^tL-CTMG. TM 
A. 3^7Cfi?^*ie!t^Sf4<^TMI. nS:F|ie!|l!lMf4cOS 
iH4 ^m^Zhh^Xm^X.. nMGaN;y'fb'Sl 
18SrO. Ijum. nSA 1 o.o7Gao.93N^'5'y HI 
119SrO. nSGaNdf-A-yr® 1 205- 

0. 2nmmm.mhf^. 

[0105] <^:v^t\ '^xyN-^BDtc, U-i/x hti|i4 
/znK^X h r>''C^-VS:iNIOjILtf >yf-3 0 0 /xm 

0. 1 ixm(rM^^Yy^y~'y'^yy\^X. 'J-yi/'lO 

^1 2ii;=5r-ssi02 ^mmmm^^zm . s 

[0106] nffljf-S y^' m®g^OlSt4<X<^jl 0 
TftS, 'J-yi^'lOOOigPt, Ui^'XhT^f^ 
XYy-im-^-y-^m^Lfz^k. SiOt Srxy^y 
^^L-C U -y v±<!D nSG a N^^ -y 7*1 1 2 0 SrSJii? 

-s 7 ^mmmmx'ibhT i /a i s:is«L7t. -e^ 

f*. ^SSHMtf', 450 "CT-^Mt, nSGaN^SfA- 
•y ril 2 0 IC n S -y ^'Sli 1 2 2 SrJ^^ L^c, 

[ 0 1 0 7 ] »:v^-c, wmmmm L.mmio 

0 At m t Ufcf*. P (i^- 5 'y ^mffi^f^t'J) I. N i / 

pffl!l3j--$-/:7Sffil 2 3Sr}^^t^>:. »:i>-C\ ¥ 
^ftu— !f«jS3&«j^jS$tiit '^x^N-s- y .y 1 0 0 0 

^zm^mmz-^^h i. o \<zf\t m l , 3fe*s§i«ffl i o o 

1 , 1002 ^:m^Ltz. 

unzmm^-thtm^L. ^t^i.z'^mmm^^ 

[0 108] 

{^mmm i:}.±.(mmi. obb^oA^^j: ^ #if^ 
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mzm.<n^(r)3mm.\mmmiiixf^mi/mu 

(I) mi^m\,znmhm^^ 
mm\<nnm.3wm!mmmzi5\^x\i. ns^^ 

!Bj**-7SgfeU:h'-b:>'^^$il^, Ga. A l . In, 

B«V^-fii*>-7nSIU±fcg^c7)<l:-^a*>f>^l. nm.3 

wmtm^mmza^^x. nm.3mm.\m^MW.\t. -e 

cOfltfi^TCSW^hOGa. A 1 . In, B*»4>S{mS3 

10 mb'rhnm3wmm^wx'hh<^x\ 3mimr- 

im^^^t.^j:\^^^\Zit^X nS3]K§-fl:!t5!)0^^ U 

w#ttc7)Sfifc nm3mmm^mwx'hh . 

[0 109] (2) ii^«2tCJtJB-ri.f^ffl5()« 
il^JS2<7)pM3]^-fbtl^ftt*3V^T{4. iJ'-^<i: 
ipS^Sfe^^-TC^OhH-ey^^^tl/i, Ga. A 
U In, B<7^\^-mt^7iM\:X^t'SMcr)i^-^m^h 

^j:hpm3mmm^mmzii\^x. pm3tmm^ 
mmt. ^(r>m^m\:M<r)Ga^. a i , in, Bt^h 
20 S{ms3]^c5g^-7agm±, ^!BjfcLTts*tc^ 

tj^tmm.b-fhpm.3mmm^wx'hh<DX\ 
m^ff)3mjmT-mii%tti:\<^3mm.im^\k^x o 

0 t<£ffit)tOpi!S^li?*iN»«:TftS . 

[0 110] (3) ifS^3(C)if«-rSf^ffl^* 

it^ja3<7)pS3]!^^bi}i!i^*tcfcv^-c{4, mmz 
%m(r>pmm.im^mwkzii\yx. pm^-mi<r)o 

3mmm^miii^x'hi(r>x\ m&z}5\,^xtmm 
30 p s 3 t^itmmi^ti^imx'^ i>,\iiT.mL<mm 

[ 0 1 11 ] M g<7)yf^mv!}u^Miz nm<omcoymm 
m<. j:^imM.(^pm3WMitm'i^t^\ mi 

tf, GaN4><?DMg(?5^*4!fSaK/l^{4, GaNcOffi^^ 
|«j2 0 0meVi:fl!!<^2 (II ) UStcSROpS^ 

o-C, MiaCfcV^-Ct,m*l£0pS3^^l:!tt!l*#f*:*< 

mx'^i, 

40 [ 0 1 1 2 ] ( 4 ) it«3S4 

mm4cr,3^m^mmm^mLizio\^xii.. 3 
mmitmmi¥m&mizi5\.^x. 3imimmw 
{4, m^T^ii}^h3ff)\>^rtii)Hzmsi<^3mmitm^m 
i^x'h h 3 wMitmmmm&mxh K^x.msi, 
m^m\<^3mmimmxhi>. ttz. pmm. 
{4, mkiiimmixh^tzmmpm&mx'h^. 
[0 113] (5)msm5izMmimm: 

it*3S5c0^g?f*cgS{3fcV^T{4, if^l3ti>4>4c7)V^ 

•ftiMzMmcr>3mmm^i>ii. hi>^^ii3mmmi 

50 ^»mifeH^BS«^#0^«sJIS-C'*&;tJ6, if^«J 
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[0114] ( 6 ) mmemfbi-hmm 

[0115] ( 7 ) ii^^7 i<znmh^m^^ 
mmi<r>^wm.\<zi5\^x\i.. m^m-h^ioA<D\^ 

[0 116] (8) ^^StC^^fBf-S^ffl^* 

mms<r)^w]^-i'\.zii\^x\t. m-mi%mcr>^ 



^wzmmcTiwrn^zp^nm^-^fi. mmm 
m±.f.zTimmm^^fix\<^^:itmmfth^ 
wv-^x'hh, z.m^. pswo±{c, nmmm 

•riCOX. as groMnT'pS/i<4<^fii:{C=3r-5T*3'3, U 

^mt ^tix\'^fzpmitcof^>f)(7)mtmj.m^mi^t 

[0 1 1 7] »g*«iKffiin:<opa!Nptt^WL. m 
mmmmmb^mi^i^-fmmmm^^tix v ^ i><7) 

<Dt&^. wm^izmi. mtammcom^izxh^^ 
itmm^tii<7)x. mii. imfimmxh-otzmia 

w^xhh. 

[02] mm 2<r>3 J^g-ftft^frOBrBBIlt'S) h . 

{m3\mm3(r>3wmm^W(r)mmmxhh. 

[04 ] 106094^ 3 Km!t«!I^*#i^fBSflRiOBfffl 
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18 

mxhi>» 

[06] ||iS«f!l6 7:r h^^>f3j--H(O|lrffl0T'J)^. 
[07] ^itfl^j7<O^#f4sV-yo^0-C&6. 
[08 ] ||Jfefi^J7iOiti#f*:>— ro3Kajlt^l*lCSE^r 

mx<rmmmxht, 

[010] IIJfeM8<o^f*:^-if<o3tajS*^rr&iicfiE 

10 ^mxmmmxhh. 

[011] «^M<0^3S«!^-^c03tai»f^ri6]lc*tt^r 
ffi-C<^Brffi0T'J>&. 

10. 30 -^yr^rm^ 

11.21,31 <£aGaNyN'-y7r-a 

1 2. 32. 82 pSGaNS 

2 0 

2 2 ^^^BnMGaNil 
2 3 ^^^pSGaNS 
20 40 GaNS« 

4 1 nSGaNJ:0{£l.^2cOA'.y7T-« 
42 nMIno.i Gao.9 N:?5'x7|lS±S 
4 3 nMAlo.2 Gao.8 N/GaN@tg^ J; O^S 

44.94.1 18 nSGaN;>y-<Hl 
45 I no. osGao.ssN/I no. 2 Gao.s N^MM 

4 6 pSAlo.s Gao.7 N^-v«yn 
47.97, 1 1 5 pMGaNTy-fKl 
30 48 pMAlo.2 Gao.s n/G&nW^f^y-vY 

m 

49, 83 pilGaNay^^' big 

6 0 m^H^flGaNaM 
70. 80. 90 nSGaNa:^ 

7 1 nSAl GaNffiayN'«y7r-^ 

72, 92 nSA lo. 03Gao.97N^ayN*>y7r— Ji 

73, 93, 1 19 nSA lo.07Gao.93N^'7-/K 



if 

7 4 GaNMttJS 

40 75, 98, 1 14 pSA lo.07Gao.93N^'7-yb* 
if 

76, 99 pSGaNdfA"yr® 

77, 85, 123 pm-i'vi^mm 

78, 86.1 02, 122 nfflJ^r-S -y ^'^fli 

8 1 nSGaNJi 

84. 100, 121 mim.Wk 

8 7 mmk 

9 1 nMA 1 GaN[Sffl>'N'«y7r-Jl 

95. 117 I no. isGao.BsN/I no. 02Gao,98 

50 N^aa^^^FvSttii 
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96.116 pffiAlo.2 Gao.8 N® 
10 1 pffl:t-5y^'«fii 

110 pMGaNSM 

111 SfflpSGaNyN'-y^r-l 

112 pSi no.i Gao.9 N^'7'y^|5e±l 

113 pSAlo.osGao.BvN® 



(11) ^t^20 0 2-l 4 1 552 

20 

120 nSGaN^^A-yr/i 

700. 901. 902, 100 1, 1 002 

9 0 0. 1 000 mmm'j"/i^mm 
1 10 0. 9000 ^^wu-^mmmm. 



[HI] 



CI12] 





[03] 




im4] 




me] 




S7 



hv 

85 / 84 



83.^ 



87 



84 



-81 



-86 



[US] 




BOOO-C 



902 
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AC19 AF09 BB16 CA12 DA57 

5F049 MA03 MB07 NAIO PA04 QA02 
UA05 

5F073 AAll AA13 AA45 AA51 AA61 
AA74 CA07 CB02 CB05 CB07 
CB19 CB22 EA29 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain a group III nitride semiconductor 
enhancing characteristics such as performance characteristics, 
reliability, productivity, availability and the like and a 
semiconductor device. 

SOLUTION: A p-type group III nitride semiconductor comprises a 
low- temperature GaN buffer layer 11 and a p-type GaN layer 12 
sequentially laminated on a sapphire board 10. This layer 12 contains 
In as the group III element impurity of 0.1%. As a p-type dopant, Mg 
of 6x1019 cm-3 is contained. The layer 12 exhibits a p-type of low 
resistance of carrier concentration of 8x1017 cm-3. If the In is not 
contained, the carrier concentration is 1x1017 cm-3. At least as the 
p-type impurity, one or more elements are doped. The p-type group III 
nitride semiconductor made of a compound of any or more of Ga, Al, In 
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and B and the nitrogen contains, except the constituting element, one 
or more group III elements selected from Ga, Al, In and B and a fine 
amount of the impurity and is a semiconductor of low resistance 
having excellent electric characteristics for increasing the carrier 
concentration as compared with the conventional group III nitride 
semiconductor containing no group III element impurity. 
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